Therapeutic use of spring waters has a recorded history dating back to at least 1550 BC and includes both bathing in and drinking such waters for their healing properties. In Australia and New Zealand the use of therapeutic spring waters is a much more recent phenomenon, becoming a source of health tourism from the late 1800s. We conducted a systematic review aimed at determining the potential health outcomes relating to exposure to Australian or New Zealand natural spring water. We found only low-level evidence of adverse health outcomes relating to this spring water exposure, including fatalities from hydrogen sulphide poisoning, drowning and primary amoebic meningoencephalitis. We found no studies that investigated the therapeutic use of these waters, compared with similar treatment with other types of water. From the broader literature, recommendations have been made, including fencing potentially harmful spring water, and having signage and media messages to highlight the potential harms from spring water exposure and how to mitigate the risks (e.g. not putting your head under water from geothermal springs). Sound research into the potential health benefits of Australian and New Zealand spring waters could provide an evidence base for the growing wellness tourism industry.
INTRODUCTION
In historical and current times, natural spring waters have gained much attention for their putative therapeutic benefits. Natural spring water is generally understood to be water from an aquifer that has flowed naturally to the surface and remains unaltered by additional water treatment.
This water may contain a number of minerals, which are assumed to increase the therapeutic value of the water, and the warmth of geothermal waters may also provide health-enhancing effects through bathing.
Therapeutic applications and proposed benefits of spring water therapies Spring water therapies encompass a complex range of activities. Spring water therapies may involve use of waters for bathing (Faull ; Bálint et Shower therapies may also involve massage (Faull ) .
The use of spring water as a therapy is thought to have started by at least 1550 BC (Moss ). One of the early proponents of balneology was Hippocrates of Kos (Fytikas et al. ) who stated '… that cold water warms, … whilst warm water cools the body; … that warm shower baths induce cold water to assuage fever and pain' (Calthrop ) . However, formal research into the therapeutic value of spring water did not occur until the 1700s (Calthrop ) .
International evidence from a number of systematic reviews suggests that spring water therapies may be beneficial for a range of disorders. These reviews have reported improvements for upper respiratory tract diseases (Keller et Many of these reviews failed to exclude studies which did not have a comparison group utilising different types of water (e.g. tap water), and it is therefore difficult to determine whether the spring water itself provided the benefit, or whether any other type of water applied in the same manner may have been just as effective. Some trials have formally evaluated spring water therapies versus the same treatment using other types of water (e.g. tap water), and have reported beneficial effects for conditions such as lower back pain (Tefner et Unlike many other therapies, the potential benefits of spring water therapies may be specific to the water quality of an individual spring, and may vary over time. In prescribing a treatment involving spring water, there are a number of considerations which may influence the effectiveness. These include the route of exposure (e.g. bathing, drinking, inhalation), the duration and frequency of exposure, the level of immersion for bathing, the amount of water consumed for drinking therapies, the minerals present in the water, the flow rate, amount of effervescence, the temperature, the atmosphere and the setting (e.g. natural or clinical).
For instance, there is evidence to suggest that increased hydrostatic pressure, buoyancy, temperature, and water composition may play a role in the treatment of rheumatic diseases (Fioravanti et al. ) , all of which may vary depending on the spring. Given the complexity of the potential exposures to spring waters, the potential health benefits of local exposure must be considered before accurate claims can be made.
Spring water in Australia and New Zealand
Spring water has been promoted for medicinal use in both Australia and New Zealand (NZ) ( Figure 1 ). Furthermore, the spas in Australia and New Zealand discuss various health benefits of spring water therapies. QE Health, in NZ, reports that water at their Rachel springs reduces aches and pains, increases flexibility, increases circulation, promotes relaxation and reduces stress, and that it may assist with some skin conditions, such as eczema (QE Health n.d.). The Peninsula Hot Springs in Victoria, Australia outline the benefits of spring water therapies in terms of aiding with cardiovascular disease, liver, respiratory, gastrointestinal, central nervous system, orthopaedic, rheumatic gynaecological, post-traumatic, post-operative and skin conditions (Peninsula Hot Springs n.d.) . It is suggested that these improvements are achieved by such mechanisms as opening peripheral blood vessels and improving circulation, reducing hypertension and mild atherosclerosis, strengthening bones, building muscle mass, eliminating toxins, increasing cell oxygenation, and stimulating metabolism (Peninsula Hot Springs n.d.). The Peninsula Hot Springs (Peninsula Hot Springs n.d.) website does not explicitly state that their water results in these benefits, although it is implied to the consumer by stating the benefits of particular minerals or water temperature, then reporting the characteristics of their water without reference to what concentrations are required to bring about these beneficial changes. These spas do not provide guidance on their websites regarding the required dosage (e.g. immersion time, frequency of exposure) to achieve these beneficial health outcomes. Furthermore, no research is cited on their websites.
With the uncertainties around these proposed health effects, there is a need to systematically review the health benefits of natural spring water in Australia and NZ to provide high level evidence of any health benefits, which may support public health, in addition to wellness tourism. This review will also seek to identify gaps in the current literature that may provide opportunities for future research in this area.
Adverse health effects of spring water
Natural spring water used for hydration and therapeutic purposes is often promoted as a safe alternative to drinking tap water, or to utilising more conventional treatments, such as medications. However, the adverse health effects of spring water also need to be considered. The potential risks associated with natural spring water exposure may vary depending on the route of exposure and the location of the spring.
The promotion of springs through websites and signage may refer to the chemical components of the water (e.g. Figure 1 ), with statements regarding the health benefits of these minerals. There may be an assumption that the higher the concentration of these minerals, the better these proposed health benefits, but this is not always the case.
Even those minerals which are important for good health may be toxic if consumption is excessive, and this exposure may in some cases be fatal (Lindh ) . The health claims, such as reducing blood pressure, may pose subtle dangers where people choose to discontinue conventional treatments, choosing instead to utilise these spring water therapies which claim to be effective; or people may choose to self-diagnose and treat, thus delaying or avoiding conventional, evidence-based diagnosis and treatment.
Without an understanding of the therapeutic dosage of these minerals, intake may be insufficient for any health benefit, or excessive to the point of toxicity (particularly in the absence of full chemical analysis, including potentially toxic constituents) (Martin & Dowling ) . Toxicity may also arise from exposure to some non-essential elements present in some spring waters (Lindh ; Martin & Dowling ) .
The potential health risk of spring water use in both Australia and NZ has recently been raised. A recent study (Martin & . This is a region where springs often have signs reporting the health benefits of their water, as well as water analyses, but the harmful elements and potential adverse health outcomes are not reported (Martin & Dowling ) . Similarly, spring water used in pools for bathing in the Taupo Volcanic Zone in NZ have high levels of arsenic, with over 94% of total arsenic level in some of these springs being from arsenite, one of the more toxic species of arsenic (Lord et al. ) . Spring water may therefore pose a range of health risks for those exposed to it.
As with any water body, we would expect microbes to be present in the spring water of New Zealand and Australia, which may pose a risk to human health. The characteristics of the specific spring, including temperature, water flow, minerals and acidity, would be expected to influence which microbes are present. The presence of these microbes, even if pathogenic, will not necessarily pose a human health risk, depending on the type and dosage of exposure. As such, there needs to be an investigation into the adverse health events resulting from exposure to Australian and New Zealand natural spring water.
Aim and research questions
The aim of this systematic review was to determine the human health effects of Australian and NZ spring water.
The main research questions were: (1) To be eligible for inclusion, studies had to be peerreviewed, published in full text, in English language and report any health effects of Australian or NZ natural spring water on humans. Spring water which had been treated or had added supplements was not considered natural spring water; hence these studies were excluded. Studies investigating interventions where natural spring water exposure was combined with another intervention (e.g. exercises) were only included if they compared different types of water while keeping the additional intervention the same, so that any beneficial health effect could be attributed to the spring water exposure, or if these studies reported whether there were any adverse events. Non-systematic reviews (e.g. narrative reviews) were not eligible for inclusion.
Data were extracted manually, and included the age, gender and health condition of the population, the spring location, temperature, setting and composition, the spring water application and dosage, the year of the study, type of research question and study design. All outcomes, in addition to the outcome measures used, were extracted. Where interventions included a second intervention (e.g. exercises performed whilst bathing in spring water), the outcomes were only extracted if the water used was compared with another type of water (e.g. tap water, or water from another spring). Adverse events (including the finding of no adverse events) reported in these studies were extracted. Where there were uncertainties regarding data extraction, another author was consulted. (Hassall ) . No specific details were reported for these fatalities.
One study investigated spring water as a risk factor for cryptosporidiosis (Weinstein et al. ) . This was a casecontrol study (NHMRC Level III_3), with a number of issues with poor reporting, as well as methodological flaws (see Appendix 3, available with the online version of this paper). The only major flaw was not validating the method used to assess exposures. This study was conducted in Adelaide, South Australia (1990 Australia ( -1991 () reported that cases were more likely to have consumed spring water than controls although these results were not statistically significant (spring water only, p ¼ 0.06, spring water with other water, p ¼ 0.08). Controls were significantly more likely to have consumed rain water (rain water only, p < 0.005, rain water with other water, p < 0.001) than cases (Weinstein et al. ) . which was the most frequently reported adverse event. No serious adverse events were reported (Day et al. ) . As this study was conducted in Australia, and the location of the spring was not reported, it is assumed that only Australian spring water was used. Whilst this is Level II evidence, we only extracted data regarding adverse events in the control group and therefore no critical appraisal was conducted for this study.
Overall, the evidence was considered very low quality according to each aspect of the GRADE system (Guyatt 
DISCUSSION
This systematic review is the first to investigate the health outcomes associated with exposure to spring water, specific to Australia and NZ. We identified 11 studies and 10 reported fatalities from H 2 S poisoning ( No studies reported the beneficial health effects of Australian and NZ spring water use.
Exposures in clinical contexts

Benefits
Only one clinical study regarding spring water exposure was included in this review (Day et al. ) , although this was only included for information regarding adverse events as natural spring water was used as a comparison intervention, with no within-group analysis performed. This study therefore cannot be used to determine the health benefits of consuming natural spring water. Another clinical trial using spring water from NZ was identified in the search, however this was excluded as two techniques involving spring water were compared for people with fibromyalgia (Faull ). Watsu and Aix massage were compared, with significant changes in bodily pain, physical function, social function and vitality, according to the 36-Item Short Form Survey (SF-36), reported with Watsu treatment, whilst there was not a significant change for Aix therapy (Faull ) . While this shows that Watsu may be an appropriate therapy for people with fibromyalgia, it does not indicate that the spring water used contributed a therapeutic component. A randomised-controlled trial should be conducted comparing Watsu utilising this spring water as well as tap water of the same temperature to determine the therapeutic value of spring water. 
Adverse events
Summary
Despite a number of health claims being made regarding therapies using spring water from Australia and NZ, we found no published studies which have reported studies investigating whether treatment with Australian or NZ spring water is effective, when compared with other types of water treatments. This may reflect publication bias, or that studies involving formal comparisons have yet to be conducted. Based on this evidence, within an evidencebased practice framework, these therapies should not be recommended by health and medical professionals, particularly given the potential for adverse events, especially for sulphurous water. Furthermore, claims regarding the health benefits of spring water from Australia and NZ are at this stage substantiated, and should be revised to reflect the current evidence base.
Non-clinical exposures
In terms of non-clinical exposures to spring water, adverse health effects associated with pathogens were identified, as well as the potential for H 2 S poisoning and drowning.
Exposure to pathogens
PAM is a rare but serious condition, and is almost always ing the pathogen involved to be Naegleria gruberi (Cursons & Brown ) . Ultimately, N. fowleri was concluded to be the cause of PAM in these cases (Cursons et al. a, b) .
The additional three cases were also attributed to N. fowleri (Nicoll ; Cursons et al. a, b, ) .
Although all cases occurred in one region of NZ, the risk is present in any environment where these amoebae thrive. The optimal environment for N. fowleri is fresh water of 40-45 C, and is therefore associated with geothermal waters (Ellis-Pegler ). In at least one of the cases signage at the pool informed swimmers not to immerse their heads, but tragically this advice was not followed (Cur- 
Exposure to minerals
The two reported cases of fatal H 2 S poisoning occurred while bathing and in the vicinity of enclosed spas (Bassindale & Hosking ), highlighting the potential for unsafe levels of H 2 S to be present around geothermal waters. On the day of one death the background level of H 2 S was 1-17 ppm (and 44 ppm over the outlet), and 5-9 ppm on the day of the second death. During the month following the deaths, the levels were reported as ranging from 3 to 57 ppm (Bassindale & Hosking ) . According to the World Health Organisation (), acute exposure to H 2 S concentrations of 10-20 ppm results in eye irritation, levels of 50-100 ppm may result in serious eye damage, with an increased risk of death only if the H 2 S concentration reaches at least 320 ppm. In addition to such irritant and toxic effects, it is important to note that this heavier-than-air gas can also impact on health through asphyxiation. The coroner who reviewed these cases recommended monitoring H 2 S levels in each spa pool area before each use, preferably agitating the water before taking the reading, and it was also noted that bathers should avoid being alone in enclosed geothermal pools (Bassindale & Hosking ). With an increase in spa and eco-tourism encouraging visitors to these regions, there is an urgent need for the health effects of these spring waters to be investigated, particularly with respect to arsenic exposure.
Exposure to different water pH
Another variable to consider with regards to natural spring water is the water pH. In the Taupo Volcanic Zone of New Zealand, the pH of springs used for bathing has been reported as low as 3.2 (Lord et al. ) , which may be a skin irritant, particularly for those with sensitive skin.
General exposure to water bodies
The details of the three drownings at thermal pools were not reported (Gardiner et al. ; Hassall ) , and therefore it is difficult to assess the context of these fatalities and whether pre-existing medical conditions were a factor. For instance, seizures may be triggered by hot water in some individuals with epilepsy (Roos & van Dijk ; Bebek et al. ) , which may increase the risk of drowning.
There are a range of other potential health risks associated with water in natural settings, including injury, and bites and stings from insects and reptiles that are also present in the area. This is of particular importance in northern Australia where crocodiles may inhabit springs and their surrounds. For instance, at Lorella Springs, both bathing in spring water and crocodile spotting are promoted as tourist activities (Lorella Springs Wilderness Park ).
In 2014-2015, 37 estuarine crocodiles were removed from Berry Creek, which is spring-fed, in addition to smaller cap- It has been reported that in the Central Victorian Mineral Springs Region of Australia many springs do have signs regarding water quality and health (e.g. Figure 1 ), however these tend to report only the potentially beneficial elements and how these may benefit the consumer. Information regarding any potential dangers is largely omitted (Martin & Dowling ) . Signs may also take the simplistic view that elevated concentrations of 'beneficial' minerals are always beneficial, although as noted high levels of these minerals may also pose health risks. 
Review limitations and future research
This systematic review involved a comprehensive search strategy, utilising database searches, targeted Google Scholar searching, and reference and citation list screening; it is therefore unlikely that relevant studies published in peer-reviewed journals were missed. The review recommendations are limited by the lack of research in this area, with no studies investigating the health benefits of spring water exposure, and limited evidence regarding the adverse health effects.
By registering and publishing the review protocol (Stanhope et al. a, b) prior to starting this process, the transparency of the review is increased. Although slight changes were made to the protocol prior to commencing the searches (as outlined in Appendix 1), these changes were made to improve the breadth of the review, and were unlikely to result in bias.
Despite the body of international evidence regarding the benefits of spring water exposure, a major finding of this review was that there have been no studies regarding the health benefits of exposure to natural spring water from Australia and New Zealand. Given the differences in individual springs, with regard to the temperature and mineral content, this international evidence is not directly applicable to Australian and New Zealand spring water. By investigating the health benefits of Australian and New Zealand natural spring water exposure in randomised controlled trials, with appropriate comparison treatments (i.e. other types of water), medical and health professionals may be able to provide an evidence base for use of these therapies. Evidence of health benefits will also support the growing wellness tourism industry, particularly in Victoria. Ensuring the safety of the public should be a priority. The safety of natural spring water exposure should be investigated, particularly for people with ongoing exposure to the water, or those with compromised health who may be utilising natural spring water for its perceived or advertised health benefits.
Only with additional research can the risk-benefit of natural spring water exposure in this region be assessed.
CONCLUSION
To date there has been no research investigating the health benefits of Australian or NZ natural spring water, revealing an opportunity for future research in this area. There has also been insufficient research into the potential adverse health effects of exposure to these waters. The safety of Australian and NZ spring water exposure requires investigation to protect the health of the public and provide a stronger evidence base for the therapeutic applications of spring water. Only with such an evidence base can the potential health and regional economic benefits of the spring water industry be capitalised.
